International Journal of Global Health and Health Disparities
Volume 4

Number 1

Article 6

2005

Childhood Cancer Rates and Exposure to Vehicle Pollutants
Sara Jo Hill
University of Iowa

Follow this and additional works at: https://scholarworks.uni.edu/ijghhd
Part of the Public Health Commons

Let us know how access to this document benefits you
Copyright ©2005 International Journal of Global Health and Health Disparities
Recommended Citation
Hill, Sara Jo (2005) "Childhood Cancer Rates and Exposure to Vehicle Pollutants," International Journal of
Global Health and Health Disparities, 4(1), 52-59.
Available at: https://scholarworks.uni.edu/ijghhd/vol4/iss1/6

This Research is brought to you for free and open access by the Journals at UNI ScholarWorks. It has been
accepted for inclusion in International Journal of Global Health and Health Disparities by an authorized editor of
UNI ScholarWorks. For more information, please contact scholarworks@uni.edu.

Hill: Childhood Cancer Rates and Exposure to Vehicle Pollutants

CHILDHOOD CANCER RATES AND EXPOSU RE TO
VEHICLE POLLU TANTS
Sara Jo Hill, J.D ., M .H.A. Candidate
The University of Iowa
Cancer is the second leading cause of death among children ages zero to 15 in the
U nited States (Gouveia-Vigeant & Tickner, 2003 , p. 1 ). Rates for childhood cancer have
increased nearly 21 percent between 1975 and 1998 ( Gouveia-Vigeant & Tickner, p . 1 ).
Multiple factors can be attributed to this increase. Possible explanations include:
increased surveillance, changes in diagnostic criteria, improvements in medical imaging
and diagnostic tec hniques, genetic predisposition as we ll as environmental factors .
Experts recently concluded th at genetic predisposition accounts for no more than 20 percent of all childhood cancers ( Gouveia-Vigeant & Tickner, p. 1 ). While this demonstrates
a signi ficant contribution , it leaves the majority of cancer etio logy unexplained.
Environmental factors have bee n proposed to cause anyv"here from five to 90 percent of newly diagnosed pediatric cancer cases depending o n the specific type of cancer
(Gouveia -Vigeant & Tickner, p. 1 ). A series of reports have shown a significant associa -
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tio n between elevated cance r risk and exposure to vehicle exhaust (Crosignani , T ittarelli ,
Bo rgini et al. , 2004; Feychting, Svensson , & Ahlbo rn , ] 998; Knox & Gilman, 1997;
Pearson , Wachtel, & Ebi , 2000 ; Savitz & Feingold , 1989 ). Some of the factors eva lu ated in these studies included exposure to traffi c density and estim ated ni trogen dioxide
concentratio n in o utdoor air. T he assumptio n in these studies was that traffi c density is
correlated with the volume of petrochemical com bustio n byproducts, including benze ne
and nitrogen diox ide. Researchers in these studies concluded that clusters of childhood
cancers within areas o f hig h vehicul ar po llutio n must indicate a causal rel atio nship .
Subseq uent researchers have not been as eage r to accept these resul ts as concl usory,
citing the small scale of the studies and po in ting o ut po tenti al errors in experimental
design that may have led to false conclusio ns that hazardo us air pollutants (HAPs) are
causally linked to childhood cancer rates. After taking into account confo unding vari abl es
and increasin g sample size, subsequent repo rts have fail ed to demo nstrate an associatio n
between cancer rates and traffi c po llutants. For example, o ne study examined th e association between nitrogen dioxide and benzene concentratio ns in th e air and childhood
cancer rates, but fa iled to fi nd a significant correlatio n (Raascho u-N ielse n, H ertel,
T ho mse n, & Olsen, 2001 , p . 433 ). A related study foc using o n childh ood cancer rates
amo ng patients li ving near o il refin eries emitting volatile o rganic compo unds also fa il ed
to demo nstrate a signifi cant relatio nship (Wilkinso n et al. , 1999 ).
It is impo rtant to ascertain the implicatio ns of these conflicting studies. If childhood
cancer rates are significantly associated with environmental po llu ta nts, tl1ere is o bvio us
po tenti al fo r changes in natio nal po lluti o n standards no t to menti o n the o ppo rtunity fo r
early interventio n to stop future cases. T he purpose of this review is to synthesize the re levant epide mio logical literature related to childhood ca ncer rates and hazard o us air po llutants.
REVI EW O F STUDI ES

To date, 18 peer-reviewed stud ies have bee n published addressing the link betwee n
air qu ali ty and childhood ca ncer. T he first studies were conducted in D enver, Colorado
in the late 70s and thro ug h the 80s (Savitz & Feingold , 1989 ; Werthei mer & Leeper,
1979 ). Most of the studies focused o n the risks associated with residential traffic exposure, and just over half of the studies we re conducted in the U nited States (Reyno lds,
Von Behren, G unier, Raascho u-N ielsen, 2004, p . 1). Eleven of the studi es fo und positive associatio ns between childhood cancer and poor air q uali ty, while seve n failed to fi nd
a causal linkage. Studies th at fo und no associatio n were usually mu ch larger, more rece nt,
and mo re compre hensive ( accounting fo r fo reseeable con fo unders ) than the studies that
fo und a statistically significant associatio n . T he most no table studies will be d iscussed
below.
STU D I ES F IND ING A P OSIT IVE CORRELATI O N

A particularly startlin g case-contro l stud y published in 1989 fo und that childhood
cancers were significantly linked to hi gh traffi c density near the subject 's ho me (Savitz &
Feingold, 1989 ). Cases were defin ed as child re n ages zero to 14 who were d iagnosed
with cancer between 1976 and 1983 (Savitz & Fein gold , 1989 ). T he study was very
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1989 ). Researchers calculated an odds ratio for children aged zero to 14 living o n streets
with traffic densities of higher than 10,000 vehicles per day of 3.1 (95 percent confidence
interval [CI] 1.2 -8.0 ) for total childhood cancers and 4.7 (95 percent Cl 1.6-13.5 ) for
leukemia (18 and 8 cases respectively for the high risk categories) (Pearson, 2000, p. 176;
Reynolds, Von Behren, Gunier, Raaschou-Nielsen, 2004, p. 1 ).
The authors noted limitations to the study, including the crude measure of ex posure
based solely on the subject's residence at time of diagnosis, exposure miscl assification ,
small sample size and unmeasured confounders. Selection bias was a major issue in this
study because a prerequisite for controls was that they be living in the same ho me they
had lived in the year the case was diagnosed, whereas cases had no such requirement
(Wartenberg, 1998 ). Thus, 57 percent of the cases had moved since the year the case was
diagnosed, while no ne of the controls relocated (Wartenberg ). Regardless of the design
flaws , a study suggesting that children living in highly trafficked areas are three to five
times more likely to get cancer than children who live on less dense streets would obvi ously cause quite a stir in the academic community. Other researchers were quick to conduct their own studies to investigate whether these results were legitimate .
A few years later, a follow-up study was conducted in Denver, Colorado, and it also
found an association between proximal high traffic streets and childhood cancer.
Researchers in this study employed the case-control childhood cancer epidemiologic data
from the previous Savitz and Feingold study (Pearson, Wachte l, & Ebi, 2000, p. 176 ).
Cases were defined as children aged zero to 14 who were diagnosed with cancer from
1976 to 1983 and who lived in the greater Denver metropolitan area (Pearson et al., pg
176 ). Cases were primarily found through the Colorado Central Cancer Registry of the
Colorado Department of Health (Pearson et al. , p. 176). Approximately 95 percent of
the cases were confirmed by direct visualization or radiography (Pearson et al., p. 176 ).
Of the 320 identified cases, 97 were leukemias, 59 brain cancers, 30 lympho mas, 32 soft
tissue cancers and 102 other forms of cancer (Pearson et al., p. 176). The controls were
selected by random digit dialing with individual matching of gender, age ± three years
and telephone exchange area (Pearson et al., p. 176 ).
Traffic density data was obtained from the Colorado Department of Transportation
for the years corresponding to the collection of cancer data ( 1979 and 1990 ) ( Pearson et
al., p. 177). The distance was measured from the center line of the street to the center
of the home where the subject resided (Pearson et al., p. 177 ). This measure was used to
calculate airborne exhaust dispersion from motor vehicles traveling on the street. Possible
con founders for this part of the experiment included prevailing winds, turbulence generated by passing traffic and the dispersion blocking effect of buildings and hillsides
(Pearson et al., p. 177 ).
The study found a statistically significant correlation between highly trafficked streets
(20,000 vehicles per day) and childhood cancer, but only for children living within 750
feet of the street (Pearson et al., p. 179 ). An odds ratio of 5.90 (95 percent CI 1.6920 .56) for all cancers and 8.28 (95 percent CI 2.09-32 .80) for leukemia was calculated,
significantly higher values than the previous study (Pearson et al., p. 175 ). Con founders
for homes close to the street could include noise, increased li ght exposure or socioeco54
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nomic factors (Pearson et al., p. 179 ).
The study was good because it improved upon the design flaws of the Savitz and
Feingold study (1989 ), such as taking into account the presence of other busy streets
near the home. However, the study still suffered from several limitations. First, the num ber of cases and controls were very small, leading to a wide confidence interval, and second, data was not collected on the residential history during the relevant aetiological
period of the child. The researchers conceded to flaws in the study and would not draw
conclusions based on their evidential association between living near a high-traffic street
and increased incidence of childhood cancer.
Knox and Gilman conducted a third case-control study in England, Scotland and
Wales in which spatial clustering patterns were examined among 22,458 children aged
zero to 15 from 1953 to 1980 (Knox & Gilman, 1997, p. 151 -9 ). Abnormally high
occurrences of childhood leukemia were found in children living near motorways and
industrial plants (Knox & Gilman, 1997, p. 151 -9 ). The highest percentages of cases
were found within one km or less from motorways (Knox & Gilman, p. 151 -9 ). Knox
and Gilman concluded that a geographical association existed between childhood cancers
and petroleum-derived volatiles, effluent from internal combustion engines and kiln and
furnace smoke and gases.
This study, too, suffered from limitations and confounders. Matched controls were
only available for two out of three cases (Knox & Gilman, 1997, p. 151 -9 ). In addition ,
no data was available regarding subject 's residence at conception and microenvironmen tal exposures. Also, only crude exposure measurements were used .
A 1998 small-scale Swedish study conducted by Feychting, Svensson and Ahlbohm,
also found an association between motor vehicle exhaust and childhood cancer. Exposure
data was obtained by estimating nitrogen dioxide levels from traffic data and road type
(Feytchting et al., p. 8 -11) . Cases were defined as children aged 15 or younger who had
lived within 300 meters of high voltage power lines (for at least one year) during the time
period of 1960-1985 (Feytchting et al. , p. 8-11 ). Only 142 cases and 550 controls were
included in the study. Results in the highest exposure cases, with levels greater than or
equal to 80 microg/ m3 indicated a relative risk of 3.8 [ 1.2 -12.1] ( Feytchting et al., p.
8 -11 ). The results are limited because of the extremely small number of cases and the
possibility of confounders such as exposure misclassification.
A recent population based case-control study in Italy (120 cases) found a nearly fourfold increase in leukemia diagnoses in high-exposure areas (Crosignani, Tittarelli, Borgini
et al. , 2004, p. 596 ). Concentrations of benzene were estimated by Gaussian diffusion
model which considered vehicle emissions, rustances from highly trafficked roads, traffic
density in surrounding areas and weather conditions (Crosignani et al., p. 596-9 ).
Researchers improved upon their initial study design by later obtaining information
regarding the subject 's benzene exposure history, especially focusing on the natal and
perinatal time period (Crosignani et al., p. 596-9 ). Parents were interviewed by telephone about their lifestyle, residential history and means of transportation ( Crosignani et
al., p. 596-9 ). However, despite the improvements, the small sample size limited the
application of results.
A new U.S . population based case-control study published in 2003 expanded the
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tant (HAP ) levels, which we re modeled by the U nited States EPA (Reynolds et al. , 2003,
p. 663-8 ). Cases we re defi ned as children under the age of 15 living within a specified
area in California ( Reyno lds et al., 2003 ). Researchers identified 7,143 cases, of which
2,443 were diag nosed with leukemi a. No associatio n of childhood cancer in general was
found in the hig hest exposure levels of HAPs, howeve r, th e risks for leukemia were elevated by 21 percent (RR=l.21 95 percent CI 1.03 -1.42 ). In areas where hi gh HAP levels we re caused mainl y by industrial facilities, the association was even hi gher (RR=l.32
95 percent C I 1.11 -1.5 7 ) (Reynolds et al., p. 663 ). ln these areas, the HAPs were main ly benzene and perchl oroethylene. Researchers fo und a hig her association in children
aged zero to four yea rs and suspect that this is due to the fac t that this age gro up may
spend more time at ho me than o lder subj ects. Confounders that were not considered
included other sources of HAPs, especially those commo nly found within the ho me.
No CO IUlELATION
A case-control study conducted in Denmark is arguably the most comprehensive and
largest scale study thus performed on the associatio n of ve hicle pollutio n exposure and
childhood ca ncer. Researchers measured the level and extent of past exposure to ex haust
fumes at the residences of children with the most commo n types of cancer compared to
a population -based, random sample of children witho ut cancer (Raaschou , H ertel,
Thomsen, Olsen, 2001, p. 433 ). Cases were defined as those children born after
December 31, 1959, who were diagnosed with leukemia , tumor of the central nervous
system or mali gnant lympho ma when they were under th e age of 15 , and between the
period ofJanuary 1, 1968, and December 31, 1991 (Raaschou et al., p. 433 ). Cases were
identified through the Danish Cancer Registry and totaled 1,989 children (Raascho u et
al., p. 433 ). Control s were identified through the Dani sh Central Population Registry
and were matched by sex and age (exact ), totaling to 5,506 children (Raaschou et al. , p.
433 ).
The average concentratio ns of benzene and nitrogen dioxide were measured at the
front door of eac h subject's dwelling through the use of an Operatio nal Street Pollution
Model (Raaschou et al. , 2001, p. 434 ). T he model took into account such facto rs as
street width , heig ht of buildings and their distance from the street, traffi c density (vehicles per day), the proportion of vehicles weighing mo re than 3,500 kg, average traffic
speed , neighbo rin g hig h density streets, meteorological variables such as wind speed ,
temperature and solar radiatio n and background air pollution (Raaschou et al., p. 434 ).
T he data was coll ected by municipal hi ghway departments who were blind ed as to
whether the residences were those of the case or control subjects (Raaschou et al. , p.
434 ).
Results were co ntrary to the other studies conducted up to that point. T hey indicated that there was no correlatio n between traffic -related air pollution at the subject 's residence and in creased rates of leukemias or central nervo us system tumo rs (Raaschou et
al. , p. 439 ). H oweve r, research ers found a correlation between ambient air po llutio n at
the time th e child was in utero and risk of lympho mas, although it was restricted to
Hodgkin's disease diagnosed befo re the age of 12 (Raaschou et al., p. 439 ).
STUDIES FINDING
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Potential co nfounders were properly accounted for in the study. T rained empl oyees
of electric companies investigated the presence o f 50- to 400 - kV power lines, underground ca bles, transform er statio ns and measured the average el ectromagnetic fi eld
strength at each address (Raascho u et al. , 2001 , p. 435 ). Other factors considered includ ed the mother 's age and th e birth o rder of the child , as well as the degree of urbani zatio n and the type of residence (Raascho u et al. , p. 435 ). T here were sli ght differences
between the numbers of cases and co ntrols th at we re bo rn in Copenh agen and that li ved
in single -family ho mes (Raascho u et al. , p. 435 ).
Ano th er study specific to traffi c pollutants and childh ood cancer was co nd ucted by
the nearly the same team of researchers that later fo und an associatio n betwee n leukemia
and HAPs in Ca li fo rnia in 200 3 (Reynolds et al. , 2002 ; Reynolds et al. , 2003). In the
2002 stud y, researchers identified nearly 6,000 cases, as children under the age o f 15 who
we re di agnosed with cancer betwee n 1988 and 1994 and livin g in neig hbo rh oods with
hi gh density traffi c ( Reynolds et al. , 2002 , p. 665 -73 ). Exposure was defined as levels of
traffi c ex haust , as estim ated fro m three different traffi c model s ( Reynolds et al. , 2002 , p.
665-73 ). Researchers failed to find an associatio n between hig h traffi c vo lume and child hood cancer rates ( Reynolds et al. , 2002, p. 665 -73). H owever, the study had a number
of design fl aws that make the results so mewhat questio nable. First , no in fo rmatio n was
o btained regarding resid ential histo ry, which is a very impo rtant fa cto r in the study
(Reynolds et al. , 2002 , p. 665 -73). Second , no in for matio n was gathered regarding other
sources of polluti o n (ind oo r or o utdoo r) (Reynolds et al. , 2002 , p. 665 -73 ). Since the
age of subj ects included school aged ch ildren , it is impo rtant to also consider levels of
pollutio n in o r near the schools.
T he same team o f resea rches conducted a fo llow-up study to refine their methods in
2004 (Reyno lds et al. , 2004, p. 6-12 ). Cases (51 77 ) were defin ed as children und er the
age of fi ve who lived in Cali fo rnia and were di agnosed with ca ncer between 1988 and
1997 (Reyno lds et al. , 2004, p. 6-12 ). Controls were matched accordin g to sex and age
(Reynolds et al. , 2004, p. 6-12 ). T his time, information about residential histo ry was collected , includin g th e mo th er's residence at the time of birth (Reynolds et al. , 2004 ).
Exposure was defined as traffic emissions, estimated by traffic density o n streets near sub jects' ho mes (Reynolds et al. , 2004 ). Improve ments in this study included a larger sa mple size and acquisitio n of in fo rmatio n regarding residential history (Reynolds et al. ,
2004 ). As in their previous study, researchers fail ed to find an associatio n between traffic
density and childhood can cer rates (OR=.92 , 95 percent CI .73 -1.15 ).
S UMMA RY AN D CONCL US IONS

Based o n the studies condu cted thus far, evid ence seems to suggest that the co rrela tio n betwee n ve hicle admissio ns and childhood cancer is unknown . While a majority of
the studies conducted thu s far have found a correlati o n, even a significantly high co rrelatio n in some studies, the study designs had flaws which canno t be igno red ; whereas, the
studi es that fo und no co rrelatio n were much mo re co mprehensive and o f larger sca le .
T he most no table of th ese is the Denm ark study conducted by Raascho u-N ielsen et al.
(2001 ), whi ch was the o nly study to take into acco unt bo th nitrogen dioxid e concentratio ns and traffi c density fo r the entire lifetime of the subject.
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cinogenic pollutants at the neighborhood level (Reynolds et al., 2003, p . 663 -8 ). Other
limitations that are most often found in studies on this subject include limited sample
size, disease heterogeneity, exposure assessment, and analytic strategies.
Although the strongest evidence suggests a null association between vehicle emissions and childhood cancer rates, researchers should not retire future efforts to solve this
puzzle . It is conceivable that future study designs will more precisely assess exposure, as
well as accounting for host vulnerability in addition to other confounders discussed
above . Childhood cancer is such an important problem that future studies on its relation
to pollution are imperative, especially considering the mixed nature of results thus far.
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